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ABSTRACT
Conflicting views exist with regard to the feasibility of transitioning the world from a
dependence on fossil fuel energy production to a completely renewable, emission-free energy
climate. Findings show that the potential for Indiana to match its current energy production
solely utilizing renewable energy capabilities existing on the Indiana landscape is available using
a calculated combination of available resources from available analytical data. The annual
required energy production, phased in gradually through the year 2050 and excluding the
transportation sector, would consist of ~61% onshore wind energy (443,900 GWh), ~1%
offshore wind energy (8,129 GWh), ~1% hydroelectric power (6,833 GWh), ~37% solar
photovoltaic (272,600 GWh). In order to supplement times of low energy production due to
weather limitations and times of high energy demand, storage options such as lead-acid batteries
or compressed air energy storage must be utilized. For the production capacities to be pursued to
their full potential, government intervention through programs such as feed-in tariffs and
incentive based implementation programs must occur to elicit the levels of investment required
for the success of the program. If full required investment is achieved and climate-based
limitations are overcome, complete fossil fuel elimination in the state of Indiana for the nontransportation sector is feasible.
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INTRODUCTION
The impact of greenhouse gas emissions on a global scale as a result of the combustion of
fossil fuels is a topic that has seen increasing attention over the last several decades, with the
effects of greenhouse gas emissions showing a severe increase leading to the progression of
climate change. Globally, carbon emissions have risen at a nearly exponential rate since the
dawn of industrialization in the western world; as of 2008, carbon emissions had increased 16
fold since 1900 (Boden et al. 2010). With these astounding changes occurring on the planet,
there lies an increasing need for focused studies of how the current energy framework might be
changed in an effort to decrease this cycle of increasing emissions and climate change resulting
from fossil fuel consumption.
This study examines the viability of transforming Indiana’s energy framework from its
current reliance on fossil fuels, especially coal, entirely to renewable energy alternatives. The
study is based off of two similar studies conducted by Mark Jacobson and Mark Delucchi,
professors at Stanford University and the University of California—Davis respectively (Jacobson
and Delucchi 2011, Jacobson 2013). The energy sources that will be utilized in the assessment of
the plausibility of this venture will primarily be solar photovoltaic, wind, and hydroelectric
power due to their renewability and lack of atmospheric emissions compared with other energy
sources that could be implicated in a study. The project would be a gradual phasing out process
for all sectors excluding the transportation sector and would hope to see full implementation and
maximum output capacity by the year 2050.
The feasibility of this venture is examined based on calculations of renewable energy
generation potentials produced using current available analyses for the state of Indiana in
conjunction with accepted efficiency ratings for given energy sources.
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Further, this project will be faced with clear obstacles due to the high climate variability
in Indiana. Although fossil fuels are non-renewable, they are relatively abundant and cheap, and
possess the additional advantage of being able to supply energy on an “as needed” basis, thus
circumventing problems associated with intermittency in supply and peak demand. The main
obstacle for renewable energy, other than their somewhat higher costs, is the intermittency of
production levels associated with wind and solar power. As a result, solutions must be found to
allow for supplementation of the energy load in times of low productivity and high energy
demand.
The obstacles facing a task of this magnitude are immense and must be addressed. The
nature of these obstacles is political as well as economic and environmental. While the potential
for this project to be successful may likely exist, the funds to support its implementation must be
derived from investment and, likely, government intervention. Incentivizing investment in the
plan through government tax programs will ultimately be a key component in ensuring its
success, although it is expected that any programs creating increases in energy costs or changes
in the economic market will be met with public pressure and political opposition.
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ASSUMPTIONS
Throughout my analysis of the viability of overhauling Indiana’s energy framework, I
will be making a number of assumptions that are crucial to the development of my thesis. These
assumptions will be made for a variety of reasons including consistency of data calculation,
limited resource availability, and lack of available data for certain areas. By making these
assumptions, I hope to provide a holistic analysis of the possibility of completing the goal of a
completely renewable energy climate in the state of Indiana without leaving out or disregarding
important factors that play key roles in affecting the overall outcome.

•
Analysis of the feasibility of converting the transportation sector for the state of
Indiana to renewable energy fuel sources will not be provided. Reasons for this include
the variability of the transportation sector, insufficient data for cost of converting fueling
stations over to electric fueling, and relatively unrealistic nature of compartmentalizing
Indiana away from surrounding states that may not be pursuing similar energy projects.
In calculating the energy consumption by fuel source for the state of Indiana, any energy
consumed by the transportation sector will be omitted.
•
All projected capacities for renewable energy sources will be calculated in
relation to an overall goal of matching Indiana’s energy consumption value (excluding
the transportation sector) for 2008, generated by the Indiana Center for Coal Technology
and Research, 2008.
•
An analysis of the potential annual generation capacity in the state of Indiana
from passive geothermal energy will not be provided. This is due primarily to the limited
availability of resource potential information and a lack of calculation ability using the
available data. In discussions with scientists (Mark Jacobson, Professor of Civil and
Environmental Engineering at Stanford University and Mark Delucchi, Researcher at the
Insitute of Transportation Studies, University of California—Davis, who generated two
similar studies, one for the world and another for New York State, these researchers
divulged that, in determining the resource potential for passive geothermal energy, they
“analyzed the resource potential and made an educated guess.” Based on my relative lack
of resources in comparison to these researchers and my lack of confidence in making a
conjecture of this nature, geothermal, while it is a viable resource option, will not be
included in this study.
•
A specific formula for overcoming political, social, and economic obstacles will
not be provided. Due to the relatively small scope of this project, as well as available
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resources, an analysis of this nature is not possible. Instead a variety of options with
regard to all three of these subject areas that could reasonably be approached and
employed will be presented.
•
Rather than utilizing a six-mile setback from the shoreline for an analysis of the
potential generation from offshore wind energy as suggested by the Illinois Department
of Natural Resources, this study will employ calculations based on a three-mile setback.
While the study cited primarily aesthetic reasons for the large setback, myself and Dr.
Fred Soster reasoned that, based on the already notable presence of obstructions on and
around the Indiana Dunes National Lakeshore such as coal-fired power plants, it would
not be unreasonable to limit the setback to three miles in an effort to maximize the
offshore wind energy production from Lake Michigan.
•
Economic costs associated both with the implementation of renewable energy
infrastructure will be presented only in current US dollar amounts. An analysis of cost
effects resulting from inflation will not be explored.
•
An analysis of the changing energy needs for the state of Indiana following the
beginning of a renewable energy implementation project between now and 2050 as the
energy framework changes will not be considered. While it is likely that increased use of
renewable energy sources and decreased dependence on fossil fuel sources could affect
the energy needs of the state of Indiana, lack of data in terms of how this might affect
Indiana specifically prevents an accurate investigation to this end.
•
Efficiencies that were used for renewable energy potential calculations are as
follows:
o
Onshore wind – 34% (average capacity factor of available “windy land
area” from 2010 NREL Wind Study)
o
Offshore wind – 32%
o
Hydroelectric – 52%
o
Solar PV – 15%
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CURRENT RELIANCE ON FOSSIL FUELS
In 2008, Indiana consumed 731,500 GWh (Gigawatt hours) of energy (Indiana Center for
Coal Technology and Research 2008). Only 3.2%, or 23,410 GWh, of that energy used by the
state of Indiana was produced by renewable energy sources. The other 96.8% of that energy total
was produced using fossil fuels, demonstrating a continued dependence on coal, petroleum, and
natural gas for energy production. There are a number of reasons why Indiana is so reliant on
energy produced by nonrenewable fossil fuels. Individual reasons for the dependence on each
fossil fuel are outlined here.
Coal
Coal is currently the leading energy source utilized by the state of Indiana. As of 2012,
Indiana ranked seventh in coal production according to the Energy Information Administration
(EIA 2012). In 2008, Indiana produced 456,600 GWh of electricity from coal, which is
equivalent to over 60% of its total energy consumption from all sources. So, the question is, why
so much coal? First and foremost, coal is readily available in Indiana. Ranking seventh in coal
production nationwide, coal is abundant and easily mined for the end use of energy production.
External costs such as shipping, freight, and taxes to bring coal into the state from other states
and sources are eliminated and money is saved. In terms of the natural resource availability of
coal in the state, 57 billion tons of coal had yet to be mined as of 2011—primarily in the west
and southwest portions of the state—and 17 million tons of this reserve is mineable (Indiana
Geological Survey 2011). However, the majority of this mineable coal (about 88%) is attainable
only through underground mining, while only 12% is accessible by surface mining—the current
primary source of coal in the state of Indiana (Indiana Geological Survey 2011). Theoretically,
this large reserve could last for up to 500 years. However, this is only assuming that underground
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mining in the state of Indiana returns to the high levels at which it was practiced back in the early
20th century (Figure 1).

Figure 1. Chart of Indiana’s coal production from 1879-2011 in tons, showing a breakdown
of the coal production by mining technique (Indiana Geological Survey 2011).

Furthermore, aside from its abundance in Indiana’s environment, coal (as well as other
fossil fuels) exhibits a high energy density. This means that a smaller amount of coal is required
to produce the same amount of energy when compared to other energy sources with lower
energy densities. When compared to renewable energy sources, the energy density of coal is
significantly higher, in some cases on the order of several tens of times more (Layton 2008). To
produce electricity utilizing this coal, Indiana employs 32 functioning coal-fired power plants
situated throughout the state (Source Watch 2014). These coal-fired plants are spread throughout
the state, but possess significant concentrations in some areas, specifically in the northwest
portion of the state, the Ohio River Valley, as well as several in the Indianapolis area (Source
Watch 2014).
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Indiana ranks number one in coal expenditures, spending slightly over 4 billion dollars
annually and well outpacing Pennsylvania, the next leading purchaser of coal in the United
States (EIA 2013). However, despite its top ranking in coal expenditures nationwide, Indiana
spends considerably more of its annual budget on other fossil fuel sources than it does on coal.
Producing energy through electricity using coal in coal-fired power plants can be done at a very
low cost. Estimates show that it costs around 9 cents to produce a single kWh of electric power
using coal as the power source (Table 3; Muller 2013). Comparing this number with current
costs of producing electricity using renewable energy sources, coal on paper quickly becomes the
easy choice, with many renewable sources, like solar photovoltaic and offshore wind energy
producing electricity at costs as much as double and even triple that of coal (Table 3; Muller
2013).
Therefore, Indiana possesses an abundant natural resource in coal throughout many areas
of the state. As a result, this allows for coal to be produced in a manner that does not require
added cost due to transport. Also, coal is utilized in great quantities in Indiana due to being a
relatively cheap resource when compared with other fuel sources for the production of
electricity.

!
Petroleum
Like coal, petroleum seems an obvious choice for energy production, due to its low cost.
In terms of cost per kWh of electricity produced, its cost is very similar to that of coal, and,
again, significantly less than some forms of renewable energy (Table 3; Muller 2013). Another
clear reason would be the current blueprints of American energy infrastructure. A great deal of
our energy infrastructure is reliant upon oil, although the vast majority of oil used within the US
and the state of Indiana is employed in the transportation sector. As of 2013, according to the
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EIA, there are 148 operating oil refineries in the United States, and 2 refineries in operation in
the state of Indiana producing 0.1% of US petroleum (EIA 2013). As a result, the United States
and the state of Indiana itself have fostered an overt dependence on oil. Specifically, the US has
developed a massive reliance on the import of foreign oil, though this dependence has decreased
to around 40% in 2013 since reaching an all-time high in 2005 (EIA 2013). However, whether in
the US or abroad, petroleum remains an abundant resource that is readily available for use in
energy production.
Furthermore, the state of Indiana also employs petroleum for the end use of the heating
and cooling of homes through two specific processes. Currently it is estimated that about 1% of
Indiana homes employ kerosene-heating techniques to heat their homes, while about 7% utilize
liquefied petroleum gas for heating (EIA 2013). While these numbers may not be very high, it is
still a clear area where petroleum has solidified itself in the Indiana consumer marketplace.

Natural Gas
In the search for alternatives to fossil fuels like coal and petroleum, natural gas has long
been viewed as a transitional energy source between fossil fuels and renewable energy sources
(Brown 2001). The status of natural gas as a transition fuel is mainly due to the fact that it
releases about half as much carbon dioxide than coal and it is perceived as a “clean-burning
source of energy” (Brown 2001). The reason it is viewed as a clean-burning fuel source is that,
whereas coal and oil both release significant quantities of sulfur dioxide (SO2), nitrogen oxides,
and mercury upon burning, natural gas releases considerably smaller quantities of these
compounds (Table 1). In fact, the burning of natural gas releases only negligible quantities of
sulfur dioxide and mercury. As a result of this relative lack of emissions into the earth’s

10
atmosphere, many perceive natural gas as a clean alternative to coal and petroleum, especially
for uses such as heating of residences.
The emergence of techniques used for obtaining natural gas from available resource
reserves across the United States in recent years have also caused natural gas to be an attractive
option for energy production in the US. One of the main techniques currently being employed in
the US for producing natural gas is hydraulic fracturing, also termed hydrofracking, or simply
fracking. Fracking is an effective tool, because it allows for natural gas to be obtained in
locations where conventional drilling of natural gas is not feasible (EnergyFromShale 2013).
With the emergence of fracking techniques and the fracking industry, proven reserves of natural
gas in the US have risen dramatically, increasing from under 200 trillion cubic feet in 2001 to
about 350 trillion cubic feet in 2011 (EIA 2013).
Indiana itself, while not a national leader in natural gas production, does have a share in
the market. In 2013, the state generated nearly 8 million cubic feet of natural gas, which was
only 0.31% of the nation’s total gas production (Indiana Division of Oil and Gas 2013, EIA
2014). While Indiana’s rank in natural gas production is indeed on the low end of the spectrum
for the country, production is currently on the rise, having doubled since 2008 aided by the
emergence of developing technologies allowing for deeper drilling (EIA 2014). Natural gas
produced in Indiana is utilized primarily for the heating of homes, as well as for cooking and
refrigeration purposes, primarily in the residential and commercial sector. Its total production
accounts for less than 15% of its total natural gas consumption, so Indiana requires the
importation of the majority of its natural gas (EIA 2014).
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Fuel Type
Coal
Petroleum
Natural Gas

Carbon
Dioxide
(lbs/MWh)
2249
1672
1135

Sulfur
Dioxide
(lbs/MWh)
13
12
0.1

Nitrogen
Oxides
(lbs/MWh)
6
4
1.7

Table 1. Emissions statistics of carbon dioxide, sulfur dioxide, and nitrogen oxides for coal,
petroleum, and natural gas (EIA 2013).
*Mercury compound emissions not quantified in this table due to unavailability of corresponding
data.
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REASONS FOR REPLACEMENT OF PRIMARY FOSSIL FUELS
Emissions
One of the main reasons behind replacing fossil fuels such as coal, oil, and natural gas is
the emissions caused by these fossil fuels upon burning. For coal and oil, the emissions statistics,
shown in Table 1, clearly show the negative impact these fossil fuels have on the environment
when they are used to produce energy. Coal and oil both produce significant carbon dioxide
emissions, 2249 and 1672 lbs/MWh respectively. When carbon dioxide, the leading greenhouse
gas emitted by human cause, is released into the environment, the concentration of carbon
dioxide in the earth’s atmosphere increases (EPA 2013).
Under normal conditions, carbon is slowly emitted into the atmosphere, where it is
subsequently fixed by plants and aerobic bacteria in the environment into useable compounds in
a process called carbon fixation using the “slow carbon cycle.” However, when carbon is
released into the environment in large quantities at very high rates resulting from the burning of
fossil fuels, plants in the environment are forced to remove large quantities of carbon in order to
reduce overall concentrations in the atmosphere in a process called the “fast carbon cycle”
(NASA Earth Observatory 2010). As the atmosphere is forced to remain in the fast carbon cycle,
and the concentration of carbon dioxide in the environment remains high, atmospheric
temperatures continually rise.
This phenomenon of increasing atmospheric temperatures, which happens with other
gases besides CO2 such as nitrogen oxides, is commonly referred to as heat-trapping. The reason
the earth is warm enough to live on is that a percentage of the heat energy released from the
earth’s surface stays within the earth’s atmosphere, and either is absorbed by atmospheric gases
or eventually returns to the surface in the form of precipitation (Trenberth 2007). When these
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atmospheric gases absorb heat energy, they eventually return the heat to the earth’s surface,
which causes the balanced, viable temperatures required for life on earth. However, since the
eruption of wide-spread burning of fossil fuels for energy, the concentrations of these
atmospheric gases in the environment have been increasing at alarming rates causing an
overheating of the earth’s atmosphere and an inability for the necessary energy amounts to
escape the earth’s atmosphere into space (Trenberth 2007).
With the burning of coal and oil, sulfur dioxide and nitrogen oxide emissions are also
quite high. Increased sulfur dioxide concentrations in the environment can lead to a variety of
adverse effects. First and foremost, sulfur dioxide exposure is linked to a variety of health issues,
including respiratory diseases such as bronchitis, emphysema, and asthma (EPA 2013). Also,
when sulfur dioxides are released into the environment, it can lead to the development of acid
rain, which occurs when sulfur dioxide in the atmosphere reacts with water in the atmosphere,
and falls to the earth’s surface as precipitation (EPA 2012).
Nitrogen oxides produced by burning oil and coal also pose a serious problem. Like
sulfur dioxide, exposure to nitrogen oxides in the environment is closely associated with
respiratory issues such as asthma (EPA 2013). Also, nitrogen oxides can contribute to the ozone
concentration in the environment as they can react with organic compounds in the presence of
heat and light to produce the harmful chemical ozone (O3).
While it may appear that emissions from natural gas do not affect the environment in the
way coal and oil do, burning natural gas for energy does have a significant effect on the
atmosphere, specifically in terms of carbon emissions and methane emissions. While carbon
emissions from natural gas are low relative to coal, they still are substantial and lead to an
increase in the concentration of CO2 in the environment, thereby contributing to global warming.
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Since the main component of natural gas is methane (CH4), quantities of methane are
released into the atmosphere upon incomplete burning of natural gas. As methane is the second
highest concentrated greenhouse gas in the environment, this poses a significant problem (EPA
2010). Finally, though natural gas has been seen to be a safe alternative for electricity generation,
it has been found that changing from coal to gas would lead to greater warming over long term
time frames (50-150 years) resulting from methane emissions (Wigley 2011).

Methods for Production of Fuel from Available Resources
The effects of mining on the environment pose a clear problem for many fossil fuels,
especially for the coal industry. In terms of coal mining, surface mining results in ammonia
emissions from the use of ammonia-based explosives (Kerr, Mann, and Spath 1999).
Underground mining and surface mining of coal also produce methane emissions, with
underground mining producing about twice the emissions of surface mining due to the high
pressure levels in the seams of the deep mines (Kerr, Mann, and Spath 1999). This high
emissions level caused by underground mining poses a serious problem for the years to come
since, as referenced earlier, the vast majority of current available coal resources are obtainable
only through underground mining.
Habitat destruction and other environmental impacts resulting from coal mining in the
state of Indiana and elsewhere is also a serious concern. First, whenever a mine is implemented,
whether surface or underground, any vegetation in the area of the mine is disrupted and depleted,
leading to the destruction of any habitats that may exist in that area (Heine 1978). Furthermore,
drainage and runoff from mining activities result in altering the acidity and chemical makeup of
water and soil sources in the area around the mine site (Heine 1978). As a result of this, even
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after the mine has ceased production and attempts have been made to return habitat areas to their
previous states, vegetation growth remains difficult and habitats are often still unable to
sufficiently support life (1978).
Conventional drilling to produce oil or natural gas has a variety of adverse effects on the
environment. First, exhaust fumes from drilling equipment release carbon into the environment
(EarthWorks 2006). In drilling for natural gas, flaring is used as a precaution to test for the
pressure and flow of the gas well (Ohio EPA 2012). However, this flaring, a temporary burning
of natural gas at the drilling site, results in the emission of carbon and of methane leakage.
Hydraulic fracturing to create natural gas wells has a variety of environmental
consequences. Evidence shows that contamination of surface and groundwater may occur as a
result of fracking (Manuel 2010). During fracking, various potentially harmful chemicals such as
methanol, formaldehyde, and hydrochloric acid are injected into the well to, among other things,
decrease the viscosity of the natural gas to enhance the yield of the well. However, these
chemicals, as well as methane from the natural gas itself could possibly escape the well, entering
the soil and causing contamination of groundwater. In the event of groundwater contamination,
there is an associated risk of contaminating the drinking water of surrounding communities,
thereby posing a serious health risk to people living in proximity to the well site. In fact, in a
study in which 68 different sites throughout Pennsylvania and New York were tested in the year
2010, methane levels in groundwater rose significantly with proximity to hydraulic fracturing
sites (Holzman 2011). In some cases, methane levels in drinking water have even been high
enough to result in water becoming flammable (2011).
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REASONS FOR EXCLUSION OF OTHER FUEL SOURCES
Nuclear Energy
Nuclear power plants use nuclear fission to generate electricity (Jacobson 2009). The
current US production of nuclear energy is almost 30% of the world’s total production (Jacobson
2009). This makes it the leader in the production of electricity by nuclear energy, with France
being a fairly distant second. While nuclear energy may have the capabilities of producing low
carbon emission energy (Jacobson 2009), it is ultimately not a viable alternative to fossil fuel
energy. Perhaps the primary reason behind nuclear energy’s lack of viability is how to solve the
ongoing problem of nuclear waste management (Peters and Shoup 2008). Following its initial
use in electricity generation, the fuel rod containing radioactive uranium begins to decay,
ultimately becoming unusable and requiring storage for thousands of years (Jacobson 2009). In
the US today, areas capable of the storage of nuclear waste are very limited. This is a serious
issue because nuclear power plants produce exceedingly large quantities of harmful radioactive
nuclear waste, and, without proper storage and disposal, these byproducts are a serious health
risk to citizens.
Another issue with nuclear energy generation is the national security risk associated with
its production. Due to the risk of a possible meltdown at a nuclear power plant, nuclear plants are
a potential target for terroristic and wartime acts (Jacobson 2009). If nuclear power plants are
targeted during acts of war or acts of terrorism, nuclear meltdowns and/or nuclear explosions
have the propensity to cause massive levels of destruction and health issues resulting from the
possibility of a release into the environment of radioactive material from the nuclear reactors
being employed within the power plant.
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Another problem associated with the generation of nuclear energy is its cost. As a mature
process and infrastructure, quite unlike most forms of renewable energy, technology for the
development of nuclear power plants and nuclear energy processes will not become much more
cost effective in the coming years (Peters and Shoup 2008). The costs of building a nuclear
power plant are considerably higher than the costs to build a coal-burning or gas-fired plant
(World Nuclear Association 2014). Also, due to the requirements of enrichment and processing
of uranium to convert it to a viable fuel source, there are also increased costs associated with
using uranium (2014).
Biofuels/Biomass
Biomass has been used as an energy source for several millenia, seeing particularly high
employability in the industrial sector such as in pulp and paper factories. Examples of biofuels
include “wood pellets, agricultural waste, and biogas extracted from landfills” (Jacobson et al.
2013). Biomass fuels can also be used to generate electricity. However, the process used to
generate electricity from biomass or biogas is a combustion process (Jacobson et al. 2013). As a
result, carbon dioxide emissions will result from the combustion of biogases to produce
electricity just as in any other combustion process associated with the use of fossil fuels (Cuéllar
and Webber 2008).
On the other hand, the carbon compounds in biomass are relatively new carbon sources,
as they have not been sequestered beneath the earth for thousands of years. As a result, when
greenhouse gases are emitted into the environment through biomass combustion, these
greenhouse gases are then reabsorbed through photosynthesis to create new biomass thereby
rendering biomass combustion a relatively carbon-neutral process (Muradov and Veziroglu
2008). While any combustion process of this nature would not be employed in the ideal scheme
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of this project, it is likely that biomass could be utilized in times of peak energy demand in an
effort to supplement the intermittency issue resulting from the variability of solar and wind
energy.
Passive Geothermal
Passive geothermal energy is energy harvested from within the earth that can be used for
the heating and cooling of homes (Pimentel et al. 2002). Relatively easy energy to capture,
geothermal energy is harnessed using the stable temperatures that exist not far below the surface
of the earth. A loop that contains a liquid is inserted into the ground, and the temperature of the
soil beneath the earth causes the liquid in the loop to absorb or release heat (US Department of
Energy 2014). A geothermal heat pump is then used to transfer heat energy from the liquid in the
loop to heat the home in the cold winter months, and absorb heat energy into the liquid in the
loop to cool the home in the warm summer months (US Department of Energy 2014).
Ordinarily, passive geothermal energy would be an exceedingly useful form of energy
production in terms of residential heating and cooling in a project such as this, due to its being
completely renewable, very low in cost, and easy for consumers to implement. However, very
limited estimates of the potential production of passive geothermal energy exist for the US
(Figure 2). As a result, based on my own lack of resources and ability to make accurate
conjectures and estimations of the potential for geothermal production throughout the state of
Indiana, I have chosen to omit passive geothermal energy from this investigation.
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Figure 2. Map of the resource potential for geothermal energy across the United States (NREL
2009).

Concentrated Solar Energy
Concentrated solar power plants can use different process to capture light in an effort to
generate energy (Müller-Steinhagen and Trieb 2004). Concentrated solar plants use the concept
of focusing large amounts of solar radiation in a precise location or focal point to generate
energy. As the solar radiation becomes concentrated on the focal point, the temperature in a
liquid is raised through a series of super heaters powered by the solar radiation. The heating of
the liquid then generates steam, which is then used to power an electric generator for the
production of electricity (Müller-Steinhagen and Trieb 2004).
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There are three different processes used to generate concentrated solar power currently in
use: trough systems, power tower systems, and dish systems.
Trough systems use concave reflectors that have pipes filled with oil positioned in the
center of the reflector. When the reflected sunlight hits the pipe, the temperature of the oil rises,
which allows for the boiling of water to produce steam to power the generators.
Power tower systems use many large, flat mirrors positioned at angles to reflect sunlight onto a
receiver positioned atop a tower. With large quantities of sunlight hitting the receiver, a fluid in
the receiver is heated to high temperatures, which can be used to create steam to power electric
generators.
Appearing to look like very large satellite dishes, dish systems employ large mirrored
concave dishes with a receiver in the center. Rays of sunlight are concentrated onto the receiver,
which contains a combustion engine powered by cylinders of hydrogen or helium gas. As the
sunlight heats the gas, the gases power the engine, which, in turn, powers the generator and
produces electricity.
Concentrated solar power stations have been emerging recently across the country, and
many stations are currently either in development or in planning stages across the country,
predominantly in the southwestern United States. Unfortunately, while concentrated solar power
has been widely viewed as a promising renewable energy venture for the future, it is unlikely
that it could receive much consideration for large-scale implementation in the coming years in
the state of Indiana.
While concentrated solar power systems are a very viable option in environments such as
the southwestern United States, where sunlight is heavily prevalent and is present at high
intensities for considerable portions of the year, in a state such as Indiana, they are potentially
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much less practical than solar PV systems due to the lack of consistently dependable solar
radiation. As shown in the comparison between Figures 7 and 8, there is considerably higher
potential for the expansion of solar PV in the state of Indiana than concentrated solar power due
to the fact that the concentrating solar resource potential is 4.5 kWh/m2/day or less, whereas the
solar photovoltaic resource potential is consistently shown as 4.5-5.0 kWh/m2/day throughout the
lower two-thirds of the state. Coupling this decreased potential production capacity for
concentrated solar power with its already higher capital cost in comparison to solar PV—with a
current cost of 31.2¢ per kWh of electricity produced as opposed to 21.1¢ for solar PV—
prevents concentrated solar power from having the practicality required for inclusion in this
study as a viable replacement for fossil fuel-based energy production (Muller 2013).

22

DISCUSSION AND DESCRIPTION OF RENEWABLE SOURCES
ANALYZED IN THIS STUDY
Onshore Wind
Onshore wind energy was chosen as an energy source in this study because it is an
entirely renewable energy source and has significant production potential in the state of Indiana.
Wind power is used to generate electricity by turning wind turbines (Indiana Office of Energy
Development 2014). This electricity can then be stored and utilized in various sectors. Both large
scale and small-scale wind operations can be pursued. Large-scale wind farms can be put into
place where land is available, typically on farmland where they will cause little to no disturbance
to the normal operations of the agricultural process. Citizens can also generate electricity for
their homes using wind turbines to lower their electricity bills and even sell the electricity they
generate back to the utility.
The energy potential from wind energy across the state of Indiana, however, is
predominantly untapped. As of January 2013, Indiana had just five utility-scale wind farms in
operation throughout the state (Indiana Office of Energy Development 2014). Three of these
wind farms are located in Benton County near Lafayette, Indiana. The other two wind farms are
located in White County (just north of Lafayette) and Tipton County (slightly south of Kokomo,
Indiana). Combined, these five wind farms are operating at a total rated capacity of 1543.2 MW
of power. As a result, it is clear that the various areas of the state that could be very profitable in
terms of onshore wind energy production have yet to be explored, and there is certainly a vast
amount of available land that could be developed in an effort to increase wind energy production
in the state of Indiana in the coming years and decades.
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Offshore Wind
The generation of electricity by wind turbines placed offshore in lakes or in the ocean is a
practice that has yet to see implementation in the United States. However, offshore wind farms
are fairly prevalent in areas of Europe, including the United Kingdom and Denmark, and their
use has proved to be a viable option for the expansion of renewable energy infrastructure and
supplementation of energy consumption in periods of high-energy demand (London Array 2014).
Quite recently, the US Department of Energy has announced that several offshore wind projects
are in advanced stages of planning, with most being planned for the Atlantic coast, two on the
Gulf Coast, and one on Lake Erie north of Ohio (Hamilton 2013). Also, a wind farm called Cape
Wind is set to begin construction off of Nantucket Sound in the very near future in conjunction
with Siemens, engineers of the revolutionary wind turbines to be used at the site (Cape Wind
2014).
Indiana is placed in a fairly unique position to pursue offshore wind energy projects.
Positioned with a share of the Lake Michigan coastline, it is quite possible that an energy venture
of this nature could be possible in the state. Although Indiana possesses a fairly small percentage
of Lake Michigan in comparison to surrounding states such as Illinois and Michigan, Indiana is
designated approximately 69 kilometers of Lake Michigan shoreline, which is ideal for offshore
wind energy implementation, as offshore wind turbines must be placed at fairly shallow water
depths (Indiana Department of Natural Resources 2014).
Hydroelectric Power
Hydroelectric power is a completely clean energy option that uses the damming of rivers
to turn potential energy into kinetic energy to generate electricity. The release of these bodies of
water from the dams is controlled in an effort to utilize the flow and pressure of the water as an
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energy source in conjunction with an electric generator. When the water flows through the
turbine, the turbine turns, causing a metal shaft in an electric generator to turn with it, thereby
generating electric power (Perlman 2014). Once the electric power is generated, it is then
transferred onto the grid for delivery to its intended end use (US Department of the Interior
Bureau of Reclamation 2005). While hydroelectric power is not likely to supply a significantly
large percentage of the energy demands for the state of Indiana, it is an excellent source of power
for utilization during peak energy demands to supplement increased energy usages (US
Department of the Interior Bureau of Reclamation 2005).
Three different methods are used for the generation of hydroelectric power. The first,
termed impoundment, utilizes a large dam to hold back a reservoir of water (American Electric
Power 2014). An example of impoundment used in conjunction with hydroelectricity generation
is the Hoover Dam in the Black Canyon on the Colorado River. The second is run-of-the-river,
where generally no water storage is employed, and hydroelectric power is generated based on the
normal flows of the river (American Electric Power 2014). As a result, power is generally
produced in times of peak river flow. Using both an upper and lower reservoir, the final type is
the pumped storage system. In this system, when demand for electricity is high, water is allowed
to flow from the upper reservoir (high elevation) through the turbine to generate electricity, then
transferred to the lower reservoir (low elevation), where the water is then stored to later be
moved back to the upper reservoir during times of low electricity demand (Federal Energy
Regulatory Commission 2014).
Excess electrical energy generation is utilized to pump water from the lower reservoir
back to the upper reservoir to be reused for continued electricity generation. In a renewable
energy-framework, it is considerably likely that excess electrical energy generation would often

25
be scarce. In order to avoid the requirement of fossil fuel combustion to pump water back to the
upper reservoir, a viable alternative would need to be found. It is possible that wind energy could
be utilized to this end. If wind turbines were placed on hydroelectric power plant sites, it is likely
that electrical energy production from the wind turbines could be directly utilized to aid pumped
storage of hydroelectric power.
While Indiana is not likely to have the potential to produce massive quantities of
hydroelectric power compared to other states in better position to do so such as the Pacific
Northwest, it is likely the potential for increased production is available. Indiana produced 443
GWh of hydroelectric power as of 2010, which is just a small fraction of total annual US
hydroelectric power output (EIA 2010). It is possible that hydroelectric power could be
harnessed from plentiful Indiana water resources such as the Wabash River and the Ohio River.
Also, in-stream hydropower could be utilized as an outlet for energy supplementation. Since
Indiana’s availability for land area to be used for pump storage hydro, this required land area
could be somewhat salvaged by utilizing in-stream hydropower. This form of hydroelectric
power functions in that water flowing from a river or stream is used to generate water pressure to
turn a water turbine that can power an electric generator (Paish 2002). In studies conducted by
the US Department of Natural Resources, it has been concluded that there is a fairly significant
potential for energy production from low flow hydropower (Hall et al. 2004).

Solar PV Plants and Residential/Rooftop
Solar Photovoltaic (PV) cells function in a way that is similar to that of concentrated
solar systems. A solar PV panel absorbs photons of sunlight. However, unlike in a concentrated
solar system, the light energy from the sunlight that is absorbed by the panel is converted directly
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into electricity by the panel (SOLAREIS 2014). Generally, in a large solar PV plant, a large
amount of solar PV panels are arranged together in what is termed an array. The solar PV panels
use materials called semiconductors such as monocrystalline silicon or amorphous silicon. Due
to the presence of these semiconductors, when solar energy from sunlight hits the solar cells,
electrons become highly excited and free resulting from the photovoltaic effect, which allows for
the transformation of solar energy into electricity (SOLAREIS 2014).
Currently, the number of solar PV plants in operation across the United States is
increasing, and is expected to increase dramatically in the near future. In Indiana specifically,
solar PV plants have been recently emerging, with Dominion, an energy company, acquiring the
rights of three solar energy projects in 2013 to be constructed in the Indianapolis area (Dominion
2013). Also, a large solar PV farm has recently been constructed in Indianapolis near the
Indianapolis International Airport. Covering 75 acres of previously unused land, the 44,128
panel solar farm has a rated capacity of 12.5 MW and should generate 16,500 MWh of electricity
annually (IND Solar Farm 2013). This recent development is an exceedingly positive sign for
future development in the state as the project has seen a great deal of praise and positive
responses.
Solar panels are not just limited to large commercial plants for electricity production. On
the contrary, general consumers can utilize solar cells by placing them atop their roofs to
generate their own electricity. This electricity generation allows them to supplement their
electricity costs, and also allows them the opportunity to sell any excess electricity they produce
back to power companies. This practice can quite easily be employed both on the residential
level by individuals and on the commercial level, with businesses employing rooftop solar panels
to power their buildings.
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CALCULATED POTENTIAL ENERGY PRODUCTION FOR
RENEWABLE SOURCES
Onshore Wind
Possessing a great deal of farmland throughout the state, Indiana has substantial land area
availability for the end use of onshore wind energy development. Wind farms have been found to
not have negative effects on agriculture, and, according to preliminary findings obtained from a
study conducted by the Ames Laboratory at Iowa State University, may even benefit agricultural
proceedings by helping corn and soybean crops stay cool and dry, thereby limiting destructive
fungal growth on crops and also helping to stimulate carbon dioxide uptake (Takle 2010). As a
result, it is exceedingly likely that the vast amount of farmland present in the state of Indiana
would be useable for the development of onshore wind farms. As wind farms produce more
optimal energy outputs at higher wind speeds, the primary locations for wind energy
development in the state of Indiana would be located in the northern half of the state, where wind
quality is higher as shown in Figure 3 (NREL 2010).
Due to the vast amount of unutilized land and farmland available for placement of wind
turbines, onshore wind energy has the potential to be by far the largest source of renewable
energy production for the state of Indiana. In Indiana, the current amount of land area that could
be available for wind energy development possessing a gross capacity factor (percentage of
efficiency) of greater than or equal to 30% at 80 meter heights is 29,645 km2 or about 31.6% of
the total land area in the state (Wind Powering America 2010). The reason this value is obtained
for heights of 80 meters is that 80 to 100 meters is the optimal height for placement of wind
turbines based on current technology.
Utilizing the available “windy land area,” a study conducted by the NREL determined
that Indiana has the potential to produce 443,900 GWh of electricity annually (Table 2) when
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adjusting for the efficiency of current wind turbines based on an installed capacity of 148,227.5
MW of electricity (NREL 2010). This value would allot about 61% of the total energy burden
(731,500 GWh/year) for the state of Indiana based on 2008 data with the exclusion of the
transportation sector.
Assuming Indiana implemented wind farms with installed wind turbines possessing a
rated capacity of 5 MW, the standard rated capacity for most onshore wind turbines, then Indiana
would be employing the use of 29,645 5 MW wind turbines statewide following the installation
of 100% of the potential capacity for wind energy generation across the state. As a result, this
would require the installation of 28,715 more 5 MW wind turbines in the state by 2050 to reach
full capacity, since the current installation is 930 turbines producing 1543.2 MW of electricity
(Indiana Office of Energy Development 2013).
The land area impact of these new turbines, while substantial, would be small enough for
the onshore wind project to be reasonably approached. Based on a study conducted by the NREL
that calculated the required land area for a given wind turbine to be 0.003 km2 per MW of
installed capacity, the state would be required to attribute approximately 43 km2 of land area for
the implementation of wind turbines. With the approximate land area available for wind energy
production in the state being 29,645 km2, this would cause the overall impact of the turbines to
be around 0.1% of the overall land area in the northern half of the state. Also, since the NREL
study excluded unsuitable land areas from its analysis such as airports and urban areas, it is
highly likely that the necessary land area would be available for wind farm construction.
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Figure 3. Onshore wind resource potential for the state of Indiana at the commercially viable
height for wind as a resource (80 meters). The map depicts varying average wind speeds across
the state at this height, with higher wind speeds indicating higher energy production capacity in a
given region (NREL 2010).
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Offshore Wind
The potential for offshore wind energy development exists in Indiana’s share of Lake
Michigan. While Indiana’s share of Lake Michigan overall is fairly limited, encompassing only
1% of the total area of Lake Michigan, at 580 km2 in total area even this small section of the
Lake would provide a fair amount of potential energy production through wind turbines placed
offshore (Indiana Department of Natural Resources 2014).
With the setbacks likely required for aesthetic purposes based on a study conducted by
the Illinois Department of Natural Resources (DNR), this causes the available Lake area for
offshore wind development to decrease even further. Though the Illinois DNR concluded a
requirement of a six-mile setback (Miller 2012), this study will employ a three-mile setback (see
ASSUMPTIONS).
Also, due to limitations existing due to current technology, the current estimated
maximum depth at which offshore wind turbines will be implemented is approximately 30
meters (Miller 2012).
Calculated potential yearly energy outputs from offshore wind energy for Indiana were
generated both experimentally and based on accepted data. First, the available area of Lake
Michigan available for energy production excluding the three-mile setback was estimated using a
Lake Michigan Bathymetry Map (Figure 4) provided by the National Oceanic and Atmospheric
Administration (Chart No. 14901). The number of turbines that could be placed in the available
water area was estimated using an average of the spacing between individual wind turbines at
three European offshore wind farms (Nysted Wind Farm in Denmark, London Array farm in the
United Kingdom, and Horns Rev 2 farm in Denmark.) Using the average of 0.36 km2 of required
land area per turbine, an estimated 932 turbines could be placed in the available Lake Michigan
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area. If 3.6 MW turbines (the rated capacity of Siemens turbines being used for Cape Wind farm
off Nantucket Sound) were utilized for potential wind farms on Lake Michigan, this would result
in an approximate yearly potential of 9,405 GWh of electricity, or about 1% of Indiana’s needs.
Accepted data arrived at a similar value for the potential electric energy production from
the utilization of offshore wind options on Lake Michigan for the state of Indiana. A study
published in June 2010 by Walter Musial and the NREL approached a variety of issues including
offshore wind potentials by state, showing wind speed potentials at viable heights for wind
turbine placement (Figure 5) and calculating energy production potential. This study concluded
that Indiana had an available potential offshore wind energy production of an estimated 8,129
GWh annually, totaling 1% of Indiana’s overall requirements (Table 2) (Musial 2010). The
accepted value will be the value utilized in the determination of the breakdowns by energy
source for the complete renewable energy framework.

Figure 4. Bathymetry map of Indiana’s share of Lake Michigan, depicting
intersections of state boundaries between Indiana, Illinois, and Michigan, as well as water depths
(NOAA).
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Figure 5. Map of the United States showing offshore wind resource potential for the
United States at 90 m heights (NREL 2010).

Hydroelectric Power
Hydroelectric power represents a fairly low percentage of the total renewable energy
resource potential of all sources being pursued in this study. Unlike most of the other resources
being investigated, hydroelectric power has already been widely developed across the United
States. According to the EPA, the US has already developed approximately 75% of its available
hydropower resource, and currently generates about 9% of its electricity through hydroelectric
power (EPA 2010). According to the US Energy Information Administration (EIA), Indiana, as
of 2010, generates 443 GW of electricity from hydroelectric power annually (EIA 2010).
A study conducted for the US Department of Energy, published in 2004, by the Idaho
National Engineering and Environmental Laboratory investigated the hydropower capabilities
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for the US by state and by hydrologic region for both conventional pumped hydropower systems
and various types of low head hydropower systems, such as conventional water turbines and
micro-hydro (Hall et al. 2004). For Indiana, the investigation concluded that Indiana had a total
capacity of approximately 1500 MW of annual production from water energy resources, with
nearly one-third of this total being attributed to low head resources (Hall et al. 2004). Using the
accepted capacity factor for hydroelectric power plants of 52%, the calculated annual potential
hydroelectric production for the state of Indiana is 6,833 GWh every year (Table 2). This level of
production would result in hydropower providing about 1% of the energy requirements for the
state of Indiana if implemented by the year 2050.
Solar Power
Based on the resources available, determining a wholly accurate and precise quantity for
the potential solar power generation for the state of Indiana becomes a difficult task. As a result,
for the sake of the relative scope of this study, a specific quantitative value will not be addressed
for solar energy potential.
In place of a numerical value for the solar energy potential, the accurate potential values
for onshore wind, offshore wind, and hydroelectric power were added together. This value was
then subtracted from the overall energy requirements for the state of Indiana, 731,500 GWh
annually. Following this calculation, the remaining necessary energy production was 272,600
GWh.
Solar power is currently an emerging energy source in Indiana, as well as in much of the
United States, and exact values for current Indiana solar energy production are not available. For
instance, the solar photovoltaic farm near the Indianapolis International Airport has only very
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recently become operational, and total annual output data has yet to be obtained for it. As a
result, for the sake of this study, current solar production for the state will be viewed as null.
Indiana, on the whole, has moderate solar energy potential (Figure 6). The predominant
potential for solar energy development in the state of Indiana lies in the southern half of the state
(a land area of 47,160.5 km2 (Indiana Census Bureau 2010)). Due to its closer proximity to the
equator, as well as its larger percentage of days annually producing sunlight (Figure 6), these
areas in the southern half of the state are more likely to produce more electricity in a given year
due to their ability to absorb more solar radiation on the average day.
If the remaining required energy production for the state after all other renewable sources
have been considered is 272,600 GWh, or approximately 37% of the total energy production
(Table 2), this is the value that must be achieved through a combination of concentrated solar
power and solar photovoltaics, both utility-scale and commercial/residential rooftop.

Figure 6. Map of the average amount of direct solar radiation absorbed in areas of the United
States daily, depicting Indiana’s moderate radiation absorption levels (NREL 2009
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Concentrated Solar Power
On average, Indiana possesses a concentrated solar energy potential production of
approximately 4 kWh/m2/day in the southern half of the state (Figure 7). Because this value is
somewhat lower than that of the solar PV potential in the southern half of Indiana, and because
of the larger capital costs to generate electricity with concentrated solar power as opposed to
solar PV as discussed earlier, concentrated solar will not be explored in the overall resource
potential of Indiana.

Figure 7. Map depicting the concentrated solar power potentials for the United States (NREL
2012).
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Solar Photovoltaic Power
For solar photovoltaic power production, the southern half of the state has a higher
potential production of about 4.75 kWh/m2/day (Figure 8). As a result, all of the required energy
production that must be supplemented with solar power in the overall energy framework for the
state would potentially be derived from solar PV, for a total solar PV production of 272,600
GWh of electricity production annually.
In attempting to judge whether the land area for a project of this scale is available for
construction of solar PV infrastructure, an analysis of the amount of land that would be required
for the implementation of the total potential solar PV capacity of the state of Indiana was
conducted. Using the total required solar PV production of 272,600 GWh/year of electricity, the
required land area necessary to support this level of production was calculated to be 157.2 km2.
Therefore, using the total land area for the southern part of the state (47,160.5 km2), it would
require the appropriation of approximately 0.33% of the total land area in the southern portion of
Indiana to develop the solar PV infrastructure.
A large portion of the solar PV energy framework required for this project would be
constructed on the rooftops of previously existing establishments (i.e. residences, businesses,
stadiums, university buildings, etc.). As a result, although it is not possible in the scope of this
study to quantify exactly how much, it is likely that the 0.33% of land area required would be
lessened to some extent. In any case, it is clear that a large amount of available unused land is
required for the implementation of a solar energy project of this scale. Without a detailed
scientific analysis of the currently unused land in the southern half of Indiana, it is unclear
whether the state has the capability to support an infrastructural change of this magnitude.
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Figure 8. Map of the photovoltaic solar energy resource potential by area in the United States
(NREL 2012).

Energy Source

Calculated
Potential
Production
(GWh)

Percentage of
Overall Energy
Consumption

Onshore Wind

443,900

61

Offshore Wind

8,129

1

Hydroelectric Power

6,833

1

Solar PV

Unknown
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Table 2. Comparative shares of Indiana’s total energy burden for each renewable energy source
being analyzed in this study.
*All percentages based on a total energy consumption of 731,500 GWh
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VIABILITY OF SUBSTITUTING RENEWABLE ENERGY FOR VARIOUS
ENERGY SECTORS
Electric Energy
Electricity is an energy source that can be completely replaced by renewable energy
sources. Each of the sources of energy production being investigated in this study, from wind to
water to solar, produces electrical energy through one process or another.
Electrical energy is used in each energy sector, whether it is manufacturing, residential,
or commercial. As long as a sufficient plan for energy transmission and energy storage is
established, the electrical energy generated by renewable sources discussed in this study could
replace all current electricity generation. Electrical energy would be transmitted in the same way
it is currently transmitted. Also, any transmission losses that would occur are already accounted
for in current and predicted calculations. As a result, no real issues would need to be overcome to
transition the electrical utility to fully renewable energy sources.
Manufacturing
Unlike the electrical energy sector, certain aspects of the manufacturing sector are not as
easily replaceable with renewable energy sources. The primary reason for this is that fossil fuels
like coal, petroleum, and natural gas are directly utilized in various manufacturing processes.
For instance, coal is used in a variety of manufacturing processes, primarily in the
production of steel, as well as chemicals that are produced using coal byproducts (World Coal
Association). Coal is used in steel in the process of “coking coal,” which functions to eliminate
impurities from coal, thereby leaving behind almost entirely pure carbon. This nearly pure
carbon material is called coke, and is used in conjunction with iron ore to create the end product
of steel. Some other things that use coal during some portion of the chemical process required to
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create them include aspirins, phenol, various plastics, and some fertilizers. In total, 17.6% of the
coal production for the state of Indiana is used in manufacturing processes that would be
irreplaceable using renewable sources (Figure 9).
Oil is used irreplaceably in a variety of manufacturing processes also, including plastics,
lubricants, asphalt, pesticides, and fertilizers. Of these, the production of plastics is the primary
use of oil in manufacturing, representing nearly 3% of all oil consumption in the United States
annually (EIA 2013). In order to make these plastics from oil, the liquid byproducts that result
from oil refining are utilized. 84.2% of the petroleum consumed in the United States is used in
the manufacturing sector (Figure 9). However, the vast majority (67%) of this oil is not used in
actual manufacturing processes, but primarily is employed as a fuel source in industry as
gasoline, kerosene, or fuel oil (EIA 2013). As a result, if oil can be replaced as the fuel source in
these manufacturing processes, then a considerable portion of the oil consumed in the
manufacturing sector could be replaceable with renewable energy sources.
Natural gas is also heavily utilized in manufacturing processes by the state of Indiana. In
2008, half of all natural gas consumption for the state of Indiana was devoted to manufacturing
processes that could not be replaced by the use of renewable sources (Figure 9). A fairly
adaptable source, natural gas is used in some portion of the chemical processes used to produce a
variety of products. Like petroleum, plastics utilize the highest amount of natural gas as 2.7% of
all natural gas consumption is used in their production (EIA 2013). Aside from plastic, natural
gas and its byproducts such as natural gas liquids are used to manufacture everything from
fertilizers to pharmaceuticals. It is also consumed in industries such as food processing, glass
melting, waste incineration, and the preheating of metals (EIA 2013).
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Residential and Commercial
While renewable energy sources have the potential to replace the large majority of fossil
fuel use in the residential and commercial sector, it will not be an easy task to complete. The
main issue that must be overcome to completely replace fossil fuel use in this sector is disparities
in the heating and cooling of residences and businesses. While solar energy can quite easily be
used for heating and cooling, as can passive geothermal energy where applicable, many
individuals and businesses use primarily oil and natural gas, and even coal in some instances.
While coal is not widely used for heating and cooling purposes (under 1% of coal
production in Indiana is attributed to the residential and commercial sector (Figure 9)), it is used
in some large buildings that have a very high demand for heating and cooling such as the
buildings on university campuses like Indiana University – Bloomington and Purdue University.
However, not all large institutions like these are continuing to use coal for heating and cooling of
homes. For instance, starting in 2012, Ball State University in Muncie, Indiana began an
initiative to phase out their use of coal-fired steam boilers to heat the university’s buildings over
a five to ten year span, switching to the use of passive geothermal energy (Ball State University
2013).
Some residences and businesses also use petroleum derivatives for space heating and/or
water heating. The forms of petroleum they utilize include distillate fuel oils and kerosene, and
heating is generally achieved using boilers or furnaces (EPA 1999). Also, residences and
businesses also often utilize petroleum in the form of propane for the use of cooking such as with
large ovens and grills (EIA 2013). In total, 15.7% of petroleum consumption in the state of
Indiana, excluding the transportation sector, is allotted to the residential and commercial sector
for these end uses (Figure 9). Again, keep in mind that this value (15.4%) is based on a value of
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100% that does not include the transportation sector, and is therefore somewhat misleading. This
is due to the fact that, as of 2008, over 72% of the petroleum consumed in Indiana was allotted to
the transportation sector (Indiana Center for Coal Technology and Research 2008). So, the
15.4% value of petroleum attributed to the residential and commercial sector is based only on the
65,090 GWh of energy consumed outside of the transportation sector.
Of the three fossil fuels being explored, natural gas is the main source that is utilized in
the residential and commercial sector, with 43.9% of its production being consumed in this
sector (Figure 9). Akin to oil and coal, natural gas is utilized in this sector for space heating, as
well as water heating (Verhallen and van Raaij 1981). Natural gas is also used for cooking in
residences, businesses, and factories (EIA 2013).
As a result of these uses in the residential and commercial sector in private homes and
businesses, an obvious obstacle for the implementation of renewable energy in these cases arises.
These private institutions will have to be convinced to overhaul their own infrastructures to adapt
to the changing energy climate. It is unlikely that every individual or corporation will be
persuaded to do so without direct government intervention, but some outlets may easily be
explored, and some of these will be discussed later.!!
!
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Indiana Energy Consumption by Sector, 2008

Figure 9. Diagram showing the end use consumption of various energy sources by sector for the
state of Indiana in the year 2008. Green arrows denote energy consumption that is entirely
replaceable by renewable sources, yellow arrows show consumption replaceable by renewable
sources, but which is controlled by private institutions in the commercial and residential sector,
and red arrows depict consumption of fossil fuels that is irreplaceable due to the role of the fuel
in the end use of a product.
*All percentages based on a 100% value of end-uses of individual fuel sources in the electricity,
manufacturing, and residential/commercial sectors as the transportation sector is excluded.
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INTERMITTENCY PROBLEM/STORAGE OPTIONS
The single major issue facing widespread implementation of renewable energy power
stations across Indiana and across the globe is energy storage. Energy storage is not an issue for
fossil fuels. Since coal, oil, and natural gas are abundant and constantly plentiful fuel sources,
their energy can be converted to electricity on demand. However, with the ever fluctuating,
highly variable, and unpredictable weather patterns on the earth, there is no way to obtain a
constant supply of wind, water, and sunlight. As a result, use of renewable energy sources
requires a balance of the supply and demand market for energy by implementing sustainable
forms of energy storage so that energy will still be available in times of peak energy demand and
low energy production availability. If this balance cannot be found, then it is likely a renewable
energy landscape will not become viable, as electricity may not be able to be available in times
of high demand and low production.
Lead-Acid Batteries
Commonly used in automobiles today, lead-acid batteries have the potential to provide
large-scale energy storage for renewable energy sources at the site of generation. There are
several advantages of lead-acid batteries in the effort to supply energy from storage in off-peak
energy demand times. First and foremost, being relatively low in overall cost and maintenance
makes lead-acid batteries an attractive option compared to other available outlets for energy
storage (Dell and Rand 2001). Lead-acid batteries also offer a relatively high efficiency. Upon
discharge from a lead-acid battery, about 70% of the electricity stored within the battery is
obtainable, and many charge/discharge cycles are possible.
Furthermore, recent advances in lead-acid battery technology have made it an
increasingly viable option for energy storage. Adding carbon to the lead-acid batteries has
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proven to decrease the amount of deposit formation on the negative electrode of the batteries,
thereby increasing their performance and efficiency (Enos 2012). Also, the Australian
Commonwealth Scientific and Industrial Research Organization recently developed a lead-acid
battery that is combined with a capacitor. The capacitor component allows for the batteries to
have a much longer life and faster charge/discharge periods (Enos 2012).
There are, however, some disadvantages to the use of lead-acid batteries that cannot be
ignored. Over time, lead-acid batteries develop crystalline lead sulfate deposits on their negative
electrodes (Enos 2012). These deposits can lead to major issues in the batteries, including
decreases in the overall performance, efficiency, and productiveness of the batteries.
Furthermore, this decrease in effectiveness is magnified in large-scale energy storage, such as
that employed for renewable energy sources. However, advances in recent years have been made
in efforts to limit the build-up of these deposits, and it is quite possible that, if these deposits can
be significantly limited, the effectiveness of lead-acid batteries could be increased in the coming
years.
Sodium-Sulfur Batteries
Sodium-sulfur batteries function in discharging stored energy through an oxidationreduction reaction in which sodium is oxidized and sulfur is reduced (Dunn 2011). The lead-acid
battery and the sodium-sulfur battery share many of the same advantages. Sodium-sulfur
batteries exhibit high discharge efficiency, low maintenance costs, and flexibility for changing
energy requirements (Dunn 2011). Sodium-sulfur batteries also exhibit a much smaller overall
footprint than lead-acid batteries because they have an energy density that is about three times
higher than that of a lead-acid battery (Sarasua 2011). As a result, considerably less space is
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required for the implementation of on site energy storage using sodium-sulfur batteries as
opposed to lead-acid batteries.
A main concern with large-scale energy storage capabilities of sodium-sulfur batteries is
cost (Dunn 2011). While research to find low-cost alternatives to materials currently utilized in
the batteries are ongoing, a cost-effective option has yet to be found, and quantities of necessary
materials are limited. In comparison to lead-acid batteries, corrosion is a bigger issue for sodiumsulfur batteries. This is due to the heavily corrosive nature of both the element sulfur and
polysulfides, which are formed following combination of sodium and sulfur during discharge.
However, since this energy storage option has only recently been explored for utility-scale
energy storage, the technology is still relatively new, and it is very likely that it could become
considerably more viable in coming years (Dunn 2011).
Flywheels
Flywheels are an energy storage option that stores energy as rotational energy using a
rotor constantly spinning at high speeds. When this energy needs to be converted back into
electrical energy for use, the rotor is slowed down, causing the energy to change from rotational
energy back into electrical energy (Schneider 2007).
Flywheel energy storage systems have been in production for many years, but they have yet to
see widespread commercial implementation. This is due primarily to their much higher cost in
comparison to battery options like the lead-acid battery and the sodium-sulfur battery (Schneider
2007). However, in recent years flywheel storage systems have begun to become more cost
effective, at least when compared to another novel technologies such as compressed air energy
storage (Nelder 2013). The new flywheel being developed, conceived by inventor Bill Gray,
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would cost about $1,333 per kWh of energy stored and could store up to 15 kWh of power with
an efficiency of 80% (Nelder 2013).
Aside from this high cost, flywheels possess a number of advantages, even compared to
lead-acid and sodium-sulfur batteries. Unlike utility-scale battery energy storage, flywheels can
store energy as rotational energy for rapid discharge with almost zero maintenance costs (Beacon
Power 2014). Their footprint is also relatively small, and discharge of energy based on demand is
rapid and comes at an increased efficiency when compared to the battery options available.
Disadvantages besides cost are somewhat limited, but there is a significant disparity between the
total energy storage capacity and the overall cost. While the newly developed flywheel
technology is similar in cost to compressed air storage systems, it can store considerably less
energy (Dunn 2011).

Figure 10. Energy storage capacities and discharge times for varying renewable
energy storage options (Dunn 2011).
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Compressed Air Energy Storage
Compressed air energy storage is quite likely one of if not the most viable energy storage
options for renewable energy sources. Compressed air energy storage functions in storing energy
within either man-made or natural structures beneath the earth. Varying levels of high pressure
are utilized to compress the air at a high efficiency. When the energy is needed in times of peak
energy demand, the air is converted from its compressed state by a series of expanders at high
and low pressure to power a generator that produces electricity (Dresser-Rand 2010).
Compressed air energy storage is an attractive peak energy demand option for several
reasons. As portrayed in Figure 10, compressed air energy storage exhibits an extremely high
energy storage capacity. While most battery options are useful only around the 1 MW range
under the most ideal circumstances, utility-scale compressed air energy storage options would
operate in the range of 10-100 MW of rated power capacity (Dresser-Rand 2010). This large
power capacity comes in correlation with a fairly high rate of efficiency, estimated at around
65% (Simmons 2010). Also, studies have shown that storing energy in compressed air energy
systems can be done in a cost-efficient manner since energy storage would occur in times of peak
energy supply (when cost of electricity is low) and energy dispersal would occur in times of peak
energy demand (when cost of electricity is high) (Simmons 2010). Capital costs for compressed
air energy storage systems are somewhat high, although considerably lower than flywheels at
around $475/kWh; however, with this technology expected to expand rapidly within the next
decade, this cost has a high potential to decrease (Simmons 2010).
Unfortunately, requiring small amounts of natural gas to power the combusters used in
the storage systems results in carbon emissions that certainly retract from compressed air energy
storage as an attractive option (Simmons 2010). However, carbon dioxide emissions from these
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systems are only about one-fifth of coal-fired plants. Also, the time it takes for compressed air in
one of these systems to be converted back to electricity is considerably longer in comparison to
smaller-scale energy storage options like batteries (Figure 10). However, if one takes into
account the much larger power capacity of compressed air energy storage systems, this becomes
somewhat less of an issue.

Interconnection of grids with surrounding states
In the United States, due to differing geography, landscapes, and climates, certain states
possess greater potential energy production from different renewable energy sources. For
instance, the southwest is ideal for solar energy, the plains and mountain states are best for wind,
and several eastern states as well as Pacific Northwest states are excellent for hydroelectric
power.
As a result of this disparity between energy capabilities for different states, one possible
way to address the intermittency problem would be to interconnect utility grids between Indiana
and surrounding states. If Indiana were able to interconnect its utility grid with states like
Michigan, Illinois, and Ohio, this would allow for Indiana to supplement its energy needs with
excess power supplies present in these states during peak energy demands for the state of Indiana
and in times of low solar energy production, such as in the winter months. This would also help
to limit costs, as Indiana would have the potential ability to access lower cost energy options
from surrounding states when its own energy sources are in high demand and therefore at high
cost.
However, it is difficult to conjecture whether or not a project of this nature would be
viable in an area such as the Midwest. With Indiana being surrounded by states like Illinois,

49
Michigan, and Ohio, it is not clear whether these states would be able to supplement Indiana’s
energy requirements. This is due to the fact that, having very similar climates, it is fairly likely
that, in most cases, Indiana would be experiencing a high demand for electricity during the same
months and weeks as other Midwest states. However, it is definitely still a solution that deserves
consideration, as even small differences in climate and energy production between states could
have the potential to supplement Indiana’s energy needs in times of extremely high demand
when utilized in conjunction with other supplemental practices.
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ECONOMIC COSTS
Current Costs and Cost Projections for Energy Resources
In the current economic and political climate, a main deterrent from the implementation
of renewable energy power plants is the cost associated with these sources compared to the costs
of fossil fuels. Table 2 shows cost comparisons between both the renewable and fossil fuel
sources investigated in this study per kWh of electricity generated, excluding externality costs on
the environment and human health resulting from energy generation using fossil fuels. As can be
seen in the table, when viewed without the adverse environment and human health effects caused
by fossil fuel use, the cost per kWh of fossil fuel electricity is quite attractive, being significantly
cheaper than most renewable sources. On the other hand, renewable sources like onshore wind
energy and hydroelectric power actually already possess per kWh costs that rival that of coalfired and natural gas burning power plants. Also, when the externality costs resulting from the
burning of these fossil fuels are factored into the equation, the costs associated with these energy
sources nearly double, causing most renewable sources to be competitive and some even more
cost-effective than fossil fuels (Jacobson 2013).
Though current per kWh electricity costs of solar PV as well as offshore wind currently
are quite high (Table 3), those numbers are expected to decrease substantially in future years as a
result of emerging technologies in both fields and improvements with transmission ability, there
is also the potential for that number to decrease even further by the year 2050, with 2050 being
the ultimate goal of full-scale renewable energy infrastructure implementation. Similarly, both
rooftop PV and utility-scale PV systems should exhibit substantially decreased per kWh
electricity costs by the year 2050 (Delucchi and Jacobson 2011; Jacobson et al. 2013). These
projections are a result of levelized cost of energy calculations made with projections of
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decreased capital costs and transmission costs as a result of better technology and larger-scale
implementation.
Clearly, the biggest cost issue facing a large-scale renewable energy implementation
project of this nature is the disparity in cost between fossil fuels and solar energy. As shown in
Table 3, the projected lowest cost for solar PV is 15.9¢ per kWh of electricity. Being
considerably higher than the projected lowest costs of conventional coal and natural gas (both
coming in at less than 10¢ per kWh) this provides a significant problem. With this increased cost
comes significant barriers to entry into the market for solar PV, especially when it is compared to
the much lower relative cost of onshore wind, which would be the leading source of electricity
under the proposed energy scheme. However, being the second leading source of electricity,
solar PV would have to see similarly high levels of investment from businesses, corporations,
residences, and utilities in the opening years of the energy project and the years to come. As a
result, solar PV would be the energy source where government intervention is most necessary, as
the cost disadvantages associated with solar PV in comparison to other renewable and fossil fuel
sources must be minimized to encourage investment.
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Energy Source
Onshore Wind
Offshore Wind
Hydroelectric
Solar PV
Conventional Coal
Natural Gas (Conventional
Combined Cycle)
Natural Gas (Conventional
Combustion Turbine)

Average
Estimated Cost
(2011 Data)

Projected
Lowest Cost

9.7¢
24.3¢
0.9¢
21.1¢
9.5¢

8.1¢
18.7¢
0.6¢
15.9¢
8.5¢

6.6¢

6.0¢

12.4¢

9.9¢

Table 3. Average current costs per kWh of electricity generated using 2011 data and
projected lowest possible future costs of renewable and fossil fuel electricity sources.
Data taken from Muller’s Energy for Future Presidents and adapted from 2011 data
from the Energy Information Administration.
Costs of Implementation of Renewable Energy Plants
The capital costs for implementation of renewable energy infrastructure certainly are
formidable. Some of these costs do have the propensity to be supplemented somewhat by the
conversion of former fossil fuel power plants to renewable energy power plants as the overhaul
from fossil fuel dependence to renewable energy implementation takes place. However, there are
several areas in which this is clearly not a viable option, such as in the case of the construction of
a wind farm, which requires almost entirely novel materials.
For an onshore wind farm to be constructed, it is estimated as of 2012, that the cost per
MW of rated capacity of electricity is $1.76 million based on an average of costs for multiple
projects varying somewhat in terms of cost of financing, construction, and project locations
among other variables (Bolinger and Wiser 2012). Using this value in conjunction with the
calculated potential rated capacity for the state of Indiana with regard to onshore wind energy of
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50,674 MW, it would cost approximately $86 billion between now and the goal year of 2050 to
construct and make operational the entirety of Indiana’s onshore wind energy capacity (Table 4).
Offshore wind energy costs considerably more than onshore to implement. In fact,
offshore wind energy costs anywhere from around $2.75 to $4 million dollars per MW of
installed capacity (Vinot 2012). We will average this value to $3.38 million per MW for cost
approximation purposes. Using the calculated potential of offshore wind power of 8,129 GWh,
calculations lead to a projected nameplate capacity of 2900 MW using 32% as the efficiency for
electricity delivery from the turbines. As a result, it would cost approximately $9.8 billion to
implement the full potential capacity for offshore wind energy in Indiana by 2050 (Table 4).
Construction of a hydroelectric power plant is similar in cost to onshore wind power,
costing an average of $2 million per MW of installed capacity based on the construction of 21
plants according to the US Department of Energy (US DOE 2012). In order to develop the
remaining potential for hydroelectric power using this value, it would cost roughly $460 million
by the year 2050 (Table 4). The reason this number is considerably lower than the value obtained
for onshore wind even with the comparable per MW of nameplate cost is the disparity in
efficiency of electricity generation between the two energy sources (30% for onshore wind and
50% for hydroelectric power).
For the installed capital costs of solar PV projects, the EIA recently conducted an updated
study to determine changes based on recent technological developments in the field that have
lowered costs. Their results showed that the average capital costs per MW of installed capacity
amount to about $4 million (EIA 2013). Using the installed potential capacity of solar PV that
would be required to reach the goal of 731,500 GWh of energy production annually for the state
of Indiana (272,600 GWh from solar PV), the capital costs associated with implementing this
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energy capacity using the accepted 15% efficiency of solar panels would be a staggering $840
billion between now and the implementation goal of 2050 (Table 4).
As a result of these formidable costs, severe obstacles present themselves that must be
overcome in order for this changeover to become a reality. Significant investment must become a
more attractive option for energy companies as well as businesses and individuals. Also, public
policy must be implemented that will induce change in the market that will propel the expansion
of these renewable options and also serve to subsidize and supplement these extreme costs.
Finally, specifically for solar PV energy, this technology must improve in the coming years to
increase the efficiency of electricity generation and increase overall output if the massive capital
costs for implementing the potential energy capacity are to become reasonably approachable.

Energy Source

Capital Costs
(Millions)

Onshore Wind
Offshore Wind
Hydroelectric Power
Solar PV

$86,000
$9,800
$460
$480,000

Table 4. Total capital costs required by the year 2050 for the full-scale implementation of the
potential production capacities for each energy source analyzed in this study.
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POTENTIAL WAYS TO SUBSIDIZE COSTS OF RENEWABLE ENERGY
IMPLEMENTATION
With the outstanding costs associated with changing over the energy infrastructure of the
state of Indiana to completely renewable energy, money must be drawn from multiple sources to
make the transition feasible. This essentially means that there is going to have to be some level
of political intervention, as well as incentivized programs put into place that will entice
consumers among the general public to switch over from natural gas and coal-burning systems to
those powered by renewable energy sources. While this may seem an insurmountable task and
one that is riddled with political obstacles, there are some viable solutions that may assist in
lessening the burden of cost to achieve a large-scale infrastructural overhaul in the state of
Indiana to clean renewable energy sources.
It is exceedingly likely that none of these proposed changes would be singularly effective
at inciting a substantial increase in renewable energy investment and overhaul. However, it is
likely that, if a viable combination of a few of these options were to be adopted through federal
policy, real change could most definitely occur and the energy climate in US and Indiana politics
and infrastructure could see significant changes.
Feed-in Tariffs
There are a variety of government subsidy-based options that have the possibility to be
extremely useful during the transition period of switching to renewable energy sources that
would cause making the switch to be more attractive to individuals and corporations. One such
option is the feed-in tariff. Already quite popular in areas of Europe and Asia, the feed-in tariff
system functions by requiring utility entities to purchase their electricity from renewable energy
producing companies (Cory 2009). The government awards long-term contracts to renewable
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energy producers (of all sizes, from individual land owners to farmers to renewable energy
corporations). These contracts guarantee payment of a certain amount per kWh for every year in
which the contract remains valid. The costs of the electricity produced from the various forms of
renewable energy in this scheme are determined specifically for each energy source, wherein
energy sources like solar that are typically higher in cost are often offered at a higher-thanmarket price and lower cost sources like wind are offered at lower prices. Many different specific
methodologies for determining the overall structure of the feed-in tariff systems exist.
There are, however, some shortcomings to the feed-in tariff process. First, feed-in tariffs
do not provide industries pursuing renewable energy projects with any assistance in covering
capital costs. As a result, in order to still entice and allow for the production of these renewable
energy projects, governmental and also non-governmental grants and tax credits are most likely a
necessity in a feed-in tariff system (Cory 2009). Furthermore, due to the great amount of
guesswork and conjecture regarding market prices and patterns, as well as revenue and cost
projections associated with a feed-in tariff program, considerable uncertainty exists with these
programs (Cory 2009). If the payments provided to developing companies and individuals are
too low, then the incentive to develop will no longer be present; if they are too high, on the other
hand, then developers could potentially be enjoying windfall profit margins on their production,
thereby defeating the purpose of the system (Cory 2009).

Net Metering
Net metering policies are another form of public policy intended to benefit individuals
and small businesses, rather than large-scale utilities and corporations. These policies allow
individuals to produce their own electricity through renewable energy sources such as wind
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turbines and rooftop solar PV (Doris 2009). Having this ability not only allows these individuals
to save money by not needing to purchase electricity from utilities, but also provides them with
the opportunity to sell any excess electricity they produce back to utilities at a set price (Doris
2009). In times of high electricity demand and low electricity production, these businesses and
homes simply purchase electricity as normal from utilities and are only charged for this
purchased electricity. Net metering, unlike some other forms of renewable energy investment
schemes, has already seen fairly widespread implementation in the United States. Since the
idea’s inception in the early 1980s, various forms of net metering policies have seen
implementation in a total of 43 states, as well as the District of Columbia (Solar Energy
Industries Association 2013).
One of the few policy initiatives specifically developed to target the increased investment
by businesses and residences in renewable energy production, net metering has been shown by
several studies to lead to increased renewable energy electricity production in several states
within the US (Doris 2009). Unlike the feed-in tariff system, net metering runs on a fairly simple
business scheme. As a result, the shaping of the policy is not nearly as difficult to achieve,
making net metering a viable option in terms of incentivizing the implementation of renewable
energy on the residential and low-level commercial scale.

Carbon Taxation
Another option that might be utilized to create incentives for the transition between the
use of fossil fuels and the implementation of renewable energy options would be to find ways to
dissuade consumers and corporations from continuing to employ fossil fuels.
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One way in which this might be accomplished is through the introduction of a
progressive carbon tax or, as climatologist James Hansen calls it, the “fee-and-dividend”
approach (Hansen 2009). A carbon tax quite literally means placing a tax on the amount of
carbon dioxide emissions resulting from the consumption of a given fuel source. This type of tax
may not cause corporations or individuals to entirely transition from fossil fuels to renewables.
However, it provides a significant incentive for all parties to make the switch to either to
renewables or to lower emission options, as fuel sources with the highest carbon emissions (coal,
for example) are hit with the highest tax penalties, thereby increasing their costs relative to other
sources. In raising the costs of these fossil fuel sources, the carbon tax also has the unique ability
to rapidly equilibrate the costs of fossil fuel and renewable energy sources. Since one of the main
concerns consumers at all levels see in transitioning to renewable energy at the current juncture
is the disparity in cost, a carbon tax has the propensity to alleviate much of this concern.
Furthermore, the taxes are formatted in attempt to render them “revenue neutral” (Hansen 2009).
In doing this, the entirety of the revenue garnered by the government from the carbon tax is
converted into consumer dividends. This total revenue obtained is then divided equally among all
consumers as a flat payout (Hansen 2009).
Critics of these tax policies assert they would cause increased benefit to consumers of
high economic status. Obviously, this is a great concern when implementing a tax of this nature
as it could cause harm to lower socio-economic classes, while quite possibly being viewed as an
unnecessary piece of policy. One way this result might be viewed as avoidable is the difference
in fossil fuel consumption between various economic classes. Typically, it is assumed that
people hailing from higher economic statuses will consume more fossil fuels annually in that
they travel more, fly more, use more energy to heat their homes, and so on. As a result, it is
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possible that this disparity in usage could likely lead to the tax being progressive in nature, since
lower wealth consumers will likely see larger “profits” from their dividend receipts as they will
spend less on fossil fuels (Hansen 2009).

Incentive-Based Implementation Programs
In recent history, the US government has used the implementation of public policy to
phase out the use of one consumer good in order to encourage consumers to begin utilizing an
alternative. Specifically, this was employed in two very significant cases: H.R. 6, or the Energy
Independence and Security Act of 2007 signed into law by George W. Bush in December 2007,
which eventually triggered the substitution, beginning in 2012, of manufacturing energy-efficient
halogen lamps, CFLs, and LEDs in place of incandescent lightbulbs (US House 2007), and H.R.
776, or the Energy Policy Act of 1992 signed into law by George H. W. Bush in October 1992,
which required toilets to use no more than 6 liters of water per flush and led to the gradual phase
out of “high flow” 13.2 liter-per-flush toilets (US House 1992).
Programs like these are often necessary in order for widespread changeover to occur. It is
quite possible that a law of this nature would need to be passed to establish the implementation
of renewable energy options in the residential and commercial sectors. Specifically, it is quite
possible that policy implementation of this type could be useful in attempting to drive
replacement of fossil fuel-based heating and cooling options of homes and businesses. If the
United States were to propose a bill that would introduce a phasing-out of coal-burning furnaces
or natural gas furnaces, it would directly lead to the implementation of passive geothermal as
well as solar heating and cooling in the residential and commercial sector. As a result, this
would greatly increase the percentage of fossil fuel consumption in the state of Indiana that could
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be directly replaced by renewable energy sources in eliminating otherwise uncontrollable areas
of fossil fuel use such as those utilized in individual households.

Elimination of Tax Subsidies for Fossil Fuels
A substantial obstacle currently limiting investment in renewable energy infrastructure
development is the continued existence of government tax subsidies for fossil fuels. These
subsidies come both in terms of lowering costs of fossil fuel sources for consumers and raising
profits for fossil fuel producers. While estimates of the actual value of US tax subsidies for fossil
fuels on an annual basis vary considerably, it is clear that this area of government intervention
provides a significant barrier to investment in renewable energy options. One study conducted by
the Environmental Law Institute concluded that from 2002-08, the US government spent
approximately $72 billion on fossil fuel-based subsidies (Adeyeye 2009). In the federal tax code
itself, there are twelve sections leading to subsidies of fossil fuel energy production (Aldy 2013).
These provisions provide for everything from covering drilling costs to funding exploration for
fossil fuel resources to direct tax deductions for oil, gas, and coal (Aldy 2013).
While it is true that renewable energy sources receive tax subsidies as well and that these
are increasing on a yearly basis, these sources received only about $29 billion in subsidies over
the same period—less than half of fossil fuel sources—and about half of that number was
attributed to ethanol, which, as discussed earlier, is not a viable source for the future of
renewable energy (Adeyeye 2009). As a result, the renewable energy sector is placed at a
considerable disadvantage with barriers to entry in the current policy climate.
In order for this to be overcome and for the playing field to be leveled, the tax subsidies
on fossil fuels need to be gradually phased out and eventually eliminated, and, in the process, be
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replaced by tax subsidies for renewable energy sources, thereby continuing efforts to equilibrate
costs between fossil fuels and renewables, and limiting barriers to entry into the market.
However, this is strictly an ideal situation and one that is clearly not easily attainable. While
President Obama has advocated for the elimination of fossil fuel subsidies in each of his annual
budget proposals since 2009, these provisions have yet to come to fruition as the US Congress
has failed on every occasion to pass bills to this end (Aldy 2013).
Opponents of these bills in Congress have continually cited potential harm to small
businesses and loss of jobs as their reasoning for failing to support such bills. However, the vast
majority of the tax subsidies currently in place are distributed among very large oil and gas
companies, not small businesses. Also, data have shown that the implementation of these tax
subsidies has not had a direct effect on production and, as a result, their presence has no effect on
job creation or job loss (Aldy 2013).
Though tax subsidies for renewables increased in 2011 to about $16 billion, the
investment directed towards renewable sources still heavily favors ethanol production at well
over $6 billion of that 2012 total. Many tax subsidies towards fossil fuels were eliminated in
2012, but the subsidy for ethanol production remains (Loris 2012).
As a result, if these tax subsidies were to be eliminated, then more tax subsidies could be
transferred to renewable energy sources thereby lowering barriers to entry for investors and
incentivizing investment opportunities. However, it is quite clear that significant political
obstacles are still in place in the US, and those must be overcome if any kind of large-scale
elimination of these subsidies is going to make it through Congress.
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Tax Credits and Subsidies for WWS Investors
In the event that political change is able to occur allowing for the elimination of tax
subsidies for fossil fuels on a significant level, this would likely provide some room in the
federal budget for other things. One way this extra money could be used would be to incentivize
wind, water, and solar power investment by attaching tax exemptions and federal subsidies to
those energy sources. Since renewable energy tax subsidies and tax credits are low in
comparison to their fossil fuel counterparts, this is one area that can be greatly improved, and tax
subsidies being attributed to ethanol producers could be reconsidered for utilization with other
renewable energy sources.
If significant tax credits for renewable energy were implemented, this could lead to
increased investment in renewable energy by consumers and businesses, as the tax credits
resulting from their investments would directly decrease their annual income tax amounts. Also,
if tax subsidies that are already being applied to renewable energy sources like corn ethanol were
to be re-appropriated to cleaner renewable energy options like solar PV or wind power, then this
could likely trigger an increase in investment in these options.

Costs Regarding Infrastructural Overhaul
In attempting to implement renewable energy plants on a very large scale, Indiana faces
considerable difficulty. With a considerably well-established energy framework, consisting
primarily of coal-fired power plants, this infrastructure must either be re-formatted and
appropriated for use with renewable energy or completely demolished to provide the necessary
land area for the development of renewable energy projects.
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The cost of infrastructural overhaul and improvements is beyond the scope of this study.
It is anticipated that these costs would be substantial, in part due to the amount of high voltage
power lines and possibly new substations that would be required. For instance, a new 345 KV
substation would have a base cost of $2,060,000 (Mason 2012). Although it is unclear how much
high voltage line would need to be implemented to accomplish the project’s goals, the cost per
mile of high voltage line can be upwards of $1 million (Richards 2008).
While it is highly likely that a significant portion of the infrastructure already in place in
the current energy framework could be utilized in the renewable energy development, it is
difficult to quantify the extent of this applicability. This is due to the fact that the future location
of various substations, as well as renewable energy infrastructure is unknown. In order to reduce
the overall costs of this process, the project would need to be pursued in as efficient a manner as
possible. As a result, the creation of new infrastructure would likely need to be schematized in a
way that would allow for the maximum amount of infrastructure already in place to be utilized.
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CONCLUSIONS
Reliance on fossil fuels across the United States and the globe has been increasing at an
alarming rate in the last century, causing exponential increases in the presence of greenhouse
gases in the atmosphere. As the consequences this could have for the planet become more clear,
an obvious call for change presents itself. If Indiana were to institute a program to gradually
phase out the use of fossil fuels to power the state and replace them with renewable energy
resources, the state could become a leader in the movement to eliminate the consumption of
fossil fuels. Based on calculations performed using accepted analytical data, it is quite likely
Indiana has the potential to accomplish this formidable task. With onshore wind energy carrying
61% of the energy burden, offshore wind energy 1%, hydroelectric power 1%, and, assuming
available land area could be utilized throughout the southern portion of the state, solar PV
providing 37%, Indiana has the resource potential required to match its current statewide energy
consumption in all sectors excluding transportation.
However, if this project is to see ultimate success, there are obstacles that must be
overcome. While fossil fuels are a naturally abundant resource that can be consumed readily
based on energy demands, renewable energy sources produce varying quantities of energy based
on varying weather patterns such as solar radiation levels and wind speed. As a result, a
combination of energy storage solutions such as lead-acid batteries and compressed air energy
storage must be employed in an effort to stockpile energy when it is readily available for later
transmission throughout the state in times of heightened energy demand or low production.
Further, the costs, in terms of capital, construction, and infrastructural changes, will be immense.
If these costs are to be covered, investment must come from both the private and the public
sector. Private companies must invest in renewable energy technology; however, the incentive
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for their investment must be provided. As a result, it is highly likely government intervention
will be necessary through a combination of programs such as feed-in tariffs, net metering, and
tax credits for investors.
On the other hand, investors as well as consumers must be persuaded to abandon their
current reliance on fossil fuel sources. As a result, tax subsidies and credits currently offered to
fossil fuel companies must be eliminated, and renewable energy subsidy programs could be
implemented in their place. Also, in an effort to influence consumers to employ renewable
energy options and avoid fossil fuel options such as natural gas heating, programs must be
introduced to entice these consumers to change to renewable options. Also, it is likely that a
gradual phase out program of for technologies such as natural gas furnaces could be utilized,
which would directly promote personal and commercial investment. As investment increases and
technologies improve, costs of renewables should continue to decrease, thereby increasing the
feasibility of the project.
Future research must be conducted in order to determine the viability of an undertaking
of this magnitude, not only for the state of Indiana, but also for the rest of the United States and
other countries of the world. In order to determine precisely whether the full renewable energy
potential of Indiana can be utilized, detailed land studies for wind, water, and solar power
construction are required. Calculations of the cost of modifying the utility to a renewable energy
framework, as well as calculating the total cost of implementing transmission line must also be
performed. Also, it would be exceedingly beneficial for a more accurate determination of the
potential capacity for passive geothermal energy, as this form of energy could see significant
utilization in this project.
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Overall, Indiana possesses the necessary tools to eliminate its consumption of fossil fuels
and replace its energy production with renewable energy sources. If the correct balance of
renewable sources is utilized, Indiana could become completely independent of fossil fuels.
Energy storage options must then be employed to ensure that energy consumption needs are met
across the state at all times of the year. Also, if this production is to be possible, large-scale
investment in these technologies from individuals, corporations, and the federal government are
required in order to cover the immense costs associated with full-scale implementation.
On the other hand, this study showed only that Indiana has the capabilities to match its current
energy consumption levels using renewable energy sources within the state as a closed system.
In reality, if a project of this nature were to be pursued, it would likely be approached at a
national or even continental level due to the interconnection of grids with surrounding states and
countries in North America. As a result, in order for an undertaking of this magnitude to be
plausible, solutions for how to transmit energy over great distances in times of peak demand
would need to be found. For instance, excess energy would likely not be stored. Instead, when an
area such as the southwest is producing large quantities of solar power compared to the rest of
the United States, effective and efficient transmission methods would need to be utilized.
Therefore, for a completely renewable energy framework to be effective, it ultimately must be
functioning congruently with surrounding areas towards the goal of balancing supply and peak
energy demand.
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APPENDIX A: SAMPLE CALCULATIONS
Onshore Wind Energy Potential Capacity Factor
Potential Installed Capacity (NREL 2010): 148,227.5 MW
Potential Annual Generation (NREL 2010): 443,900 GWh
(148,227.5 MW)*(1 GW/1000 MW)*(24 hours/1 day)*(365 days/1 year)*(Capacity Factor)
= (443,900 GWh/year)
(1.298E6 GWh/year)*(Capacity Factor) = (443,900 GWh/year)
Capacity Factor = 0.34*100 = 34%

Solar Photovoltaic Energy Land Requirements
((4.75 kWh/m2/day)*(365 days/1 year)*(1E6 m2/km2)*(1 GWh/1E6 kWh)*(Required Land
Area)) = 272,600 GWh/year
(1733.75 GWh/km2*year)*(Required Land Area) = 272,600 GWh/year
Required Land Area = 157.2 km2

Energy Consumption by Source and Sector
Coal ! Electricity
In Indiana, 81.9% of coal consumed outside the transportation sector is used as electricity. That
quantity of coal represents 96.5% of the total amount of energy used as electricity.
Amount of Natural Gas Consumed as Electricity
(456,600 GWh/year Coal total)*(81.9 into Manufacturing Sector)
= 373,955 GWh/year
Percentage of Electricity Consumption Coming from Coal
Percentage into Manufacturing = (373,955 GWh/year Coal)/(387,500 GWh/year total)
= 96.5%

